study question: Do preschool preimplantation genetic diagnosis (PGD) children differ in their cognitive and psychomotor development from children born after ICSI and spontaneous conception (SC)?
Introduction
PGD is an established technique which has been performed for the last 20 years (Handyside, 2010) for parents at risk of transmitting monogenetic and chromosomal genetic disorders who want to avoid termination of pregnancy after prenatal diagnosis (Verlinsky et al., 2004; Verpoest et al., 2009 ). The PGD technique includes an ART. Embryos are obtained after IVF with ICSI (Basille et al., 2009) . In PGD, ICSI is used to enhance the likelihood of fertilization by injecting one sperm cell directly into one oocyte. The next phase includes a biopsy, which is performed on one or two blastomeres of the 6 -8-cell embryo. The PCR or fluorescence in situ hybridization technique is used for diagnosis (Sermon et al., 2004; Staessen et al., 2004; Harper et al., 2012) . Unaffected embryos are then transferred into the uterus on Day 5 after oocyte retrieval.
Traditionally, follow-up studies of children born after ART have focused primarily on IVF/ICSI children. Systematic reviews of outcomes, analysing data for neuromotor and cognitive development as well as for language and behavioural disorders of children born after ART, show reassuring results (Izat and Goldbeck, 2008; Middelburg et al., 2011) . Authors (Bouwen et al., 1998; Sutcliffe et al., 1999 Sutcliffe et al., , 2001 Place and Englert, 2003; Ponjaert et al., 2005; Knoester et al., 2007 Knoester et al., , 2008 Ludwig et al., 2009) differentiated clearly between children born after IVF as opposed to ICSI children born after the more invasive ICSI technique. Some authors also considered the type of infertility and the technique used (female infertility: IVF versus male infertility: ICSI) which are hypothesized to play different roles in the very early development of human beings (Sutcliffe and Ludwig, 2007) and subsequently later in life (Fisher-Jeffes et al., 2006; Middelburg et al., 2008) .
In a systematic review by Middelburg et al. (2008) on neuromotor and cognitive differences between children born after ICSI and spontaneous conception (SC), two studies are mentioned which showed lower intelligence quotient (IQ) scores after ICSI conception as opposed to SC (Bouwen et al., 1998; Knoester et al., 2008) .
In contrast with IVF/ICSI related studies, the literature on exclusively PGD follow-up is scarce. The neonatal and medical outcomes of children born after PGD when compared with ICSI are encouraging (Desmyttere et al., 2009; Liebaers et al., 2010) . To our knowledge, few studies have been published on the cognitive and motor development of children born after PGD and preimplantation genetic screening (PGS).
Research into the cognitive development of children born after PGD/ PGS: has been reassuring although results were not always unanimous (Banerjee et al., 2008 , Nekkebroeck et al., 2008 . Banerjee et al.'s (2008) locomotor scores turned out to be significantly lower for PGD children than those for controls when compared with the findings of Nekkebroeck et al. (2008) . Moreover, these two pioneering studies did not differentiate between PGD and PGS.
It has been argued that PGD and PGS children should be considered as different conception groups because PGD is used for genetic problems, whereas PGS is used for advanced maternal age, chromosomal and fertility problems (Nekkebroeck et al., 2008) . Recently, Dutch study groups have focused on samples that consisted exclusively of PGS children (Middelburg et al., 2011; Schendelaar et al., 2013) and found their cognitive development and neurodevelopment comparable to IVF children without PGS.
To our knowledge, only one recent study has focused solely on PGD children (Thomaidis et al., 2012) . Thirty-one children of different ages including singletons, twins and triplets were examined. Of these, 77.4% showed normal general development, while 22.6% of the children showed mild motor retardation quotients. One major limitation of this assessment was the lack of matched control groups for the developmental examinations.
Methodologically, correct follow-up research with matched control groups of comparable age in children born after PGD is scarce. Longterm follow-up research in children born after PGD is needed to evaluate their well-being in order to further assess and confirm the safety of the PGD technique, as proposed by several authors and the European Society of Human Reproduction and Embryology PGD Consortium (Vastdag, 2004; Klitzman, 2008; Harton et al., 2011; Goldsammler and Jotkowitz, 2012) .
The Universitair Ziekenhuis Brussel (UZ Brussel) is a centre with long experience in ART (since 1993) with one of the best prospectively followed cohorts of PGD children. We opted for two control groups to cover the complex reality of PGD. By comparing the PGD group with the ICSI group we were focusing closely on the effect of embryo biopsy. By comparing the PGD group with the SC group, we wanted to complete the picture by looking at the effect of embryo biopsy combined with ICSI treatment on fertile patients and their offspring. We therefore investigated whether preschool PGD children differ in their cognitive and motor development from children born after ICSI and SC in order to document the long-term psychological health outcomes after PGD and provide reassurance as to the safety of this technique. Does PGD influence (i) the cognitive and (ii) the motor development of singletons at preschool age in comparison with children born after ICSI and SC?
Materials and Methods

Participants
Our sample consisted of three different groups: the PGD group, compared with an ICSI and a SC control group. PGD and ICSI children were recruited from an established cohort followed since birth. Their parents were invited by telephone. Given the extensive paediatric and neurological follow-up programme for both ICSI and PGD, all children were investigated at the age of 2 months and 2 years. Neonatal and medical results for the cohort had been published previously (Desmyttere et al., 2012 (Desmyttere et al., , 2009 . ART parents and children were invited by telephone and letter. Recruitment of the SC children took place via different channels. Leaflets and letters were distributed in eight different kindergartens situated in the close vicinity of the hospital and up to 35 km away from it. Announcements were made via the hospital's intra and internet websites. Children were eligible if they were conceived naturally without any kind of medical intervention, singleton, Caucasian, Dutch speaking and born after 32 weeks of gestation. Multiples and very prematurely born children were excluded because of possible interference with their development (Miceli et al., 2000) . Only Dutch speaking and Caucasians were included in order to overcome linguistic and socio-cultural barriers. The ICSI and SC children were case-controlled matched to the PGD children as closely as possible for gender, age, birth order, maternal educational level (low: partially completed school education or no qualifications at all, medium: school education completed, high: higher education qualification or a degree).
The technique used (aspiration of blastomeres) for the 8-cell embryos was the same in all PGD conceptions and identical to previous studies performed at our centre (Nekkebroeck et al., 2008; . The ICSI technique was equivalent in the ICSI group and the PGD group. The only technical difference between the ICSI and PGD groups was the embryo biopsy procedure. All embryos were transferred on Day 5.
Research protocol
All PGD and ICSI children were invited to the Centre of Medical Genetics for examination. First, a paediatrician carried out a medical examination. Afterwards, an experienced clinical psychologist (C.W.) introduced the test materials and the procedure to the children in the presence of their parents. Subsequently, the child was examined in the absence of his/her parents. At the end of the session, parents received verbal feedback regarding the assessment. The scored results of the intelligence test were sent home to the parents. In addition, all parents received standardized psychological questionnaires and inquiries concerning socio-demographic data, participant characteristics, details on pregnancy and neonatal data. For simplification, we will describe all these data below under the overarching term sociodemographic variables. All the instruments were provided in Dutch. Some of the parents filled out the forms during their child's assessment, while others received the questionnaires by e-mail. The analysis of these questionnaires capturing the children's social -emotional development will be reported elsewhere (Winter et al., in progress) . The SC children were assessed in isolated classrooms in their kindergartens or if possible, the assessment took place at the Centre of Medical Genetics of UZ Brussel. In parallel, the SC children were assessed without their parents. The first author conducted all assessments, IQ and motor examinations.
For practical reasons, the assessor was not always blinded to the mode of conception. In the hospital setting, study nurses introduced the parents to the clinical psychologist without mentioning their mode of conception. Only in a few cases (n ¼ 5) did parents spontaneously discuss their mode of conception/genetic disease. SC children, however, were mostly tested in kindergartens and so blinding was impossible.
Outcome measures
To measure the cognitive and psychomotor development of the 5-to 6 year olds, two standardized tests with acceptable to good psychometric qualities (i.e. validity and reliability) were consecutively administered. First, the Wechsler Preschool and Primary Scale of Intelligence III (WPSSI, Hendriksen and Hurks, 2010; Wechsler, 2009 ) was administered, followed by the Movement ABC (M ABC, Henderson and Sudgen, 1998) . All instruments were provided in Dutch.
Cognitive development
The WPSSI-III-NL (Wechsler, 2009; Hendriksen and Hurks, 2010 ) is a widely used, individually administered, standardized measure of intelligence for children aged 2.6 years to 7.11 years. A verbal intelligence score (VIQ) and a performance intelligence score (PIQ) are combined, yielding a full-scale intelligence score (FSIQ). Raw scores were converted into scale scores by age and according to Flemish norms (Hendriksen and Hurks, 2010; Hurks 2010; Bos et al., 2011) . Due to concerns related to time and attention span, we decided not to administer one optional subtest (i.e. the Symbol Search subtest) and so no measurement of processing speeds could be obtained. According to the Dutch Commission for testing matters (COTAN, 2010)-which certifies tests on their reliability and validity-the Dutch WPSSI-III-NL is qualified as having good criterion and construct validity and an acceptable degree of reliability.
Motor development
The M ABC (Henderson and Sudgen, 1998 ) is a standardized and widely used screening instrument for mild-to-moderate motor impairment (Watter, 2006; van Waelvelde et al., 2007) . The test assesses the motor development of children aged 5 -12 years via age-appropriate physical tasks comprising three subscales: manual dexterity, ball skills and static and dynamic balance. A total motor score can be calculated as the sum of the three subscales. Within these subscales, eight items can be rated on a six-point rating scale, where 5 represents the weakest and 0 represents the best performance. Profile scores provide more specific information on the child's movement skill performance in each individual category. A total impairment score expresses the child's test performance (Henderson and Sudgen, 1998; Cools et al., 2009 ).
Ethics
The Ethics Committee of the UZ Brussel approved this study. The parents were intensively informed beforehand. They all signed an informed consent form at the time of examination.
Statistical analyses
A priori power analysis showed that in order to detect medium-sized effects [i.e. a partial eta squared (h 2 ) value of 0.06] between our groups with 80% power, at least 152 children had to be included. This threshold was initially met.
Data analyses were performed using the Statistical Package for Social Sciences (SPSS) 20.0 for Windows. To detect possible confounders, two sets of exploratory analyses were performed. We followed the same statistical procedures for both outcome variables.
To detect between-group differences in data for PGD, ICSI and SC children, bivariate analyses were applied to all relevant socio-demographic variables (Table I) . Appropriate statistical tests were selected based on the measurement level of the data.
Within the groups, correlations between the WPSSI-III-NL or the M ABC and socio-demographic variables were computed using Pearson's r or Kendall's t.
Before calculating the analysis of covariance (ANCOVA), we checked for violations of the underlying assumptions and controlled for outliers. Data were normally distributed for FSIQ and PIQ. Data for the VIQ were almost normally distributed with acceptable deviations. Moreover, Levene's test of homogeneity of variance showed that the variance across the groups was equal (data not shown).
Concerning the M ABC, the Levene's test of Equality of Error of Variances showed that the assumption of equal variances is not fulfilled (F(5, 136) ¼ 3.429, P ¼ 0.006). Furthermore, the distribution of the total scores for Movement showed a rather positive skew. Subtest analysis revealed that the distribution of ball skills and balance performances were also skewed (data not shown). Despite some skewed distributions, ANCOVA has been found to be relatively robust in terms of deviations from normality (e.g. Glass et al., 1972; Harwell et al., 1992; Lix et al., 1996) .
To identify outliers, IQ and M ABC scores were transformed into z-scores. Absolute values larger than the cut-off point of 2.5 (two and a half standard deviations) were excluded (Tables II and III) . The choice of this cut-off point was based on power considerations. The initial choice of 2.0 as a cut-off point resulted in the loss of too many cases. The same cut-off was used for all the outcome measures of the WPSSI-III-NL and the M ABC. As Tables II and III demonstrate five (WPSSI) and six (Movement) cases, derived from all three conception groups, were therefore removed from the sample which decreased the power to detect a medium-sized effect.
An ANCOVA was carried out to test the significance of differences between the groups. Socio-demographic variables that showed significant relationships in both the analyses mentioned above (i.e. they were related to group measures as well as our outcome measures) were used as covariates to answer our research question. These variables were age, mother's age at birth and educational level of both mother and father. Gender was included as a surplus fixed factor, as an extra control for differences between boys and girls. Dunnetts' T3 was used as an appropriate measurement for post hoc analysis due to the violation of the homogeneity of variance assumption. P-values ,0.05 were deemed significant. Inferential statistics, such as ANCOVA, require sufficient power to reach reliable and valid conclusions. Since we expect that the differences between our groups will be small, relatively large sample sizes are necessary in order to have enough statistical power. Since it is hard to find a sufficiently large sample in the population under study, we decided to provide additional statistical information. For each ANCOVA effect, a partial h 2 is reported. Partial h 2 is a standardized measure of effect size. It can vary between 0 and 1 and can be interpreted as the proportion of variance of the dependent variable that is explained by the independent variable. Cohen's (1988) guidelines were used for the interpretation of the effect: small effect size ¼ 0.01, moderate effect size ¼ 0.06 and large effect size ¼ 0.14. The proportion of variance in the outcome variable that is explained by the independent variable is reported for group membership (PGD versus ICSI versus control). This measure of effect size, however, is also subject to variability due to sampling and confidence intervals (CI) are therefore calculated for the effect size measures (Cumming, 2013) . We therefore used the R Package MBESS to determine the 95% CIs of the effect sizes (Steiger, 2004) . This CI defines a set of possible values for the effect size. Values outside the interval are relatively implausible. If an interval is short and relatively close to zero, one could conclude that the true value of the effect size is zero or very close to zero. One could then conclude that the effect is negligible. The upper bound of the CI can be regarded as the highest plausible value of the effect size. As such, we use the effect size itself as well as the upper bound of its CI to draw inferences about the clinical or practical importance of the effects found in this study.
Results
Participants and socio-demographic characteristics
Between January 2005 and May 2007, 65 PGD children met the inclusion criteria. This sample consisted of more girls (n ¼ 40) than boys (n ¼ 25), but this difference was not statistically significant. Between April 2011 and May 2013, 47 (72.3%) PGD children participated in our study and were consequently assessed, while 10 (15.4%) were lost to follow-up and 8 (12.3%) refused. It is noteworthy that in this group of the 12.3% who refused, two children had been diagnosed with cerebral palsy. These children were in a revalidation programme and therefore could not join the study. A total of 68 ICSI children were contacted. Of these children, 4.41% (n ¼ 3) had to be excluded due to insufficient, invalid test results (language barrier/conduct problems/illness during test situation), while 4.4% would not join, 11.8% were lost to follow-up and 7.3% could not participate for logistical reasons. Finally, 49 ICSI children took part in this study. As mentioned earlier, SC children were recruited via varying channels. Parents of 300 children of eight different kindergartens were invited by letter to participate in this study. This resulted in 94 responders of whom 55 (58.51%) were eligible for participation and finally joined the study. Data of 7 children had to be excluded because of missing values; therefore, data of 48 (51.06%) SC children were finally analysed.
To confirm that the PGD group was still sufficiently representative, we compared the non-participant PGD group with our actual sample using three basic criteria (data not shown). The participants who did not respond, did not differ either in terms of gender x 2 (3, n ¼ 170) ¼ 0.46*, P ¼ 0.937) or prematurity (born ,37 weeks) x 2 (3, n ¼ 170) ¼ 5.73*, P ¼ 0.113). Mothers with a lower educational level (n ¼ 4) were represented significantly more in the non-participating group (Fisher's exact test: P ¼ 0.01). Thus, families with lower level educational backgrounds were more often lost to follow-up (n ¼ 3) or failure to attend child assessment (n ¼ 1). Differences between the conception groups regarding sociodemographic data were computed. As Table I shows children's characteristics such as age, birthweight, gestational age and admission to neonatal intensive care unit as well as parental characteristics did not show any significant difference when comparing the PGD group with the ICSI and the SC group. Table I also demonstrates that parents' educational level and employment percentage did not differ between the groups.
Cognitive development
Correlation coefficients between WPSSI-III-NL scores and sociodemographic background variables were computed to identify possible confounders. Mother's age at birth was significantly related to the FSIQ score of the WPSSI-III-NL (r ¼ 0.208, P ¼ 0.012), the PIQ ANCOVAs performed on the FSIQ, VIQ, PIQ data and subsequently for the subtests revealed no statistically significant differences between the groups (Table IV) . Since group sizes were relatively small, we used exact CIs around the effect sizes to interpret the data and provide reassurance that the absence of a significant result was not solely due to insufficient power of this study. This revealed with 95% reliability that the effect of the conception group on the measurements of the FSIQ would not account for .4.3% of the variance if the study were to be repeated.
The VIQ and its subscales yielded no between-group differences (Table IV) . Concerning the VIQ, the mother's level of education was the only significant covariate, but also lacked substantial relevance in terms of effect size (F(1, 134) 
Performances on the PIQ were similar among the conception groups (Table IV) . As for the PIQ, ANCOVA revealed that the maternal educational level was significantly influential (F(1, 135) ¼ 5.163, P ¼ 0.025, h 2 ¼ 0.037), but again the small effect size indicated clinical irrelevance. All the subtests within the performance scale also revealed no group differences. Controlling for confounders on subtest levels did suggest some influences, but partial h 2 revealed that these did not imply any clinical importance (data not shown). We conclude that the cognitive performance of PGD children did not differ from that of ICSI or SC children.
Motor development
Correlation coefficients between the M ABC and its subscales and the socio-demographic data were computed. The age of the children correlated with manual dexterity skills (r ¼ 20.173, P ¼ 0.035), balance (r ¼ 20.162, P ¼ 0.048) and Movement Total (r ¼ 20.197, P ¼ 0.016). These correlations show that as children grow older their performance improves. The average percentage of time fathers worked correlated weakly with manual dexterity skills (r ¼ 0.174, P ¼ 0.038). The mother's educational level was weakly related to performance for balance skills (r ¼ 0.150, P ¼ 0.035) and to Movement Total performance (r ¼ 0.144, P ¼ 0.033).
Finally, ANCOVAs were applied to Movement ABC scores (Table V) . Again covariates were chosen based on their significant correlations with the Movement Total score and the subtest scores.
As Table V There was a trend for ball skills to differ significantly by group (Table V ) Post hoc analysis using Dunnett's T3 did not confirm a significant difference. As we can see in Table V balance skills scores differed significantly between the three conception groups. Post hoc Dunnett's T3 test (t ¼ 0.473; P ¼ 0.002) demonstrated that SC children did better on balance tasks than ICSI children (Table V) . Boys and girls differed in terms of balance performance (F(1, 133) ¼ 9.28, P ¼ 0.003, h 2 ¼ 0.065): yielding better scores for females (M ¼ 1.37; SD ¼ 1.82) than for males (M ¼ 2.76; SD ¼ 3.12) with an effect of medium power. No significant group differences could be traced in the manual dexterity (Table V) . Gender also had an effect on the results for manual dexterity (F(1, 133) ¼ 19.63, P ¼ 0.000, h 2 ¼ 0.129): girls were significantly better (M ¼ 4.13, SD ¼ 0.26) than boys (M ¼ 5.98; SD ¼ 0.32); the size of this effect is rather large at 12.9%. These results preclude the conclusion that PGD children's motor performance is equivalent to that of SC and ICSI children.
Discussion
To our knowledge this is the first study to investigate whether preschool PGD children differ significantly in their cognitive and motor development in comparison with children born after ICSI or SC. The most important finding is that the mode of conception had no significant influence on cognitive development. In terms of motor development, no significant differences between the performance of PGD children and both control groups could be identified in our sample. However, ICSI children performed less well than SC children especially on balance tasks. Girls did better on some subtests than boys.
Since this was the first study to compare an exclusive PGD group of pre-schoolers to matched controls, we cannot refer to similar studies. Nonetheless, our results are in line with findings described in a mixed PGD/PGS group (Banerjee et al., 2008; Nekkebroeck et al., 2008) . Thomaidis et al. (2012) additionally pointed out that 77.4% of the PGD children investigated showed normal general development. The latter study, however, lacked a matched control group.
Since the WPSSI-III-NL is a standardized and widely used instrument, it allows us to compare our cognitive test results to norms for the Dutchspeaking (i.e. Flemish) population of Belgium. The majority of our participants' scores in the three groups were above average. It is well established that ART couples are more frequently more highly educated than the general population (Place and Englert, 2003) . On the other hand, a large proportion of the parents with a participating spontaneously conceived child wanted their impression of their children's intelligence to be confirmed with an IQ test. This effect has been described before by others (Place and Englert, 2003; Knoester et al., 2008) .
The motor development of the PGD children in our study suggests that PGD children do not differ significantly from the two control groups. This was the case for total scores and also for their performance on the subtests.
Looking at this in greater detail, SC children had better results than ICSI children for the total Movement score as well as for ball and balance skills.
Our results are essentially in line with the findings of Nekkebroeck et al. (2008) and Schendelaar et al. (2013) , while Banerjee et al. (2008) and Thomaidis et al. (2012) found rather delayed motor scores, while only the latter focused exclusively on PGD children. As already mentioned, these studies used different tests and they included twins and triplets (who are more prone to neonatal complications and therefore delayed development). However, Banerjee et al. (2008) included control twins who were matched as closely as possible to the PGD/ PGS group. Here the incidence of neonatal adversity differed significantly between PGD/PGS children and controls, but the authors did not mention whether multiplicity accounted for cognitive differences.
Though the developmental outcomes of ICSI children are outside the scope of the present paper, it is noteworthy that the motor performance of ICSI children is only lower in comparison with SC children and not in comparison with PGD children. As Zhu et al. (2009 Zhu et al. ( , 2010 have pointed out, the low fertility of ICSI parents may play a certain role here. Our results are in line with the slightly poorer motor skills of ICSI children found in several studies (Bouwen et al., 1998; Sutcliffe et al., 1999; Belva et al., 2007; Knoester et al., 2007; Zhu et al., 2009 Zhu et al., , 2010 .
Although the effect sizes found in our sample were rather small, the CIs indicate that the effect in the population could range from zero to a rather large effect (with the upper limit for the effect size of balance capacities being 16.3%). This means that our results should therefore be interpreted with some caution.
We also noticed skewed distributions and variability in the performance seen on the M ABC. This could be due to several factors. First, agespecific changes such as performance in the speed of repetitive tasks (as in the subtest manual dexterity) (Largo et al., 2003) as researchers have observed a greater inter-individual variation within the same age group (Largo et al., 2003) . Secondly, the M ABC has been criticized for loss of specificity and high variability in general (Watter, 2006; Cools et al., 2009) . Thirdly, Largo et al. (2003) described that gender differences may occur and vary in size and direction depending on the tasks. This is consistent with our results: gender differences played a role in the children's performance on all levels. In ball tasks girls and boys performed adequately, while manual dexterity and balance tasks favoured girls. Our findings mirror the results of Leunens et al. (2006) who showed that 8-year-old ICSI girls had significantly better manual skills than boys, whereas 10-year-old girls had better balance skills than their male counterparts (Leunens et al., 2008) . We cannot, however, ignore the fact that factors such as fatigue, hunger and motivation may have played a role.
Strengths and limitations
Our study is the first case -controlled, matched investigation comparing exclusively PGD singletons with two control groups. This is undoubtedly a strong point given the fact that PGD and ICSI share the same technique but these two ART groups need also an appropriate group of spontaneous controls. Other authors also include PGS children or have no controls at all (Banerjee et al., 2008; Nekkebroeck et al., 2008; Thomaidis et al., 2012) . In the absence of adequate controls, the effect of subfertility remains unclear since PGS parents often have genetic problems combined with subfertility. As Carson et al. (2010) suggested, it is of vital importance to differentiate what the aim of measurement is. We therefore opted to match the PGD group with two control groups covering the complex reality of PGD. By comparing the PGD with the ICSI group, we shed light on the possible effect of the embryo biopsy since this is the main difference between ICSI and PGD. By comparing the PGD group with the SC children, we focused on the combined effect of the fertility treatment and the genetic background. The advantage of our method is its efficiency in controlling for confounding factors. Its limitation, however, leads to the exclusion of valuable data such as premature children. It is also noteworthy that two children with cerebral palsy from the original sample were finally excluded from our study. Other authors (Middelburg et al., 2011; Schendelaar et al., 2013) also described cerebral palsy after embryo biopsy; however, in a PGS population.
Another limitation is that matched controlled studies are time and labour intensive but may lack sufficient statistical power (Sutcliffe et al., 1995; Carson et al., 2010) . Our power analysis suggested that to detect at least a medium effect (i.e. a partial h 2 value of 0.06) with 80% power using ANCOVA, at least 52 children had to be included per group. By removing the outliers and excluding cases because of missing values, we fell short of this threshold and have therefore reduced the power of our analyses. The small sample size may also exclude, for example, children diagnosed with attention deficit hyperactivity disorder or autism spectrum disorders. Those can easily be missed in samples of this size. We must recognize, however, that diagnosis of these severe developmental disorders is very complex and demands experienced professionals (especially child psychiatrists). Such a goal was beyond the scope of this project. National register-based studies do indeed cover a much broader population and can easily detect small increased risks, such as tic disorders (Bay et al., 2013) or autism and mental retardation (Sandin et al., 2013) among ICSI children. Belgium, however, is one of the few countries in Europe that practice PGD with longstanding experience but has no national health registers. Furthermore, it is worth mentioning that the PGD group is still a small group in comparison with other ART techniques. Only a maximum of 65 PGD children could be included in our study.
It is a shortcoming that a definite attrition/participation rate could not be calculated. Our participation rate for the PGD group is moderate at 71.9%, acknowledging that most non-participants were those that could not be reached. Obviously, this precludes the calculation of a precise participation rate. Omitting those lost to follow-up, our participation rate increases from 71.9 to 87.5%. Our sample is representative with reference to prematurity (born at 32-36 weeks) and gender. Families with lower educational backgrounds, however, drop out more quickly from long-term follow-up programmes (Belva et al., 2012) . Also, bias within the control group is possible since participation was completely voluntary and the children recruited may have participated because of a ascertainment bias (parents who think that their child is very intelligent or on the other hand who think that their child might have a special problem, are more willing to join a study (Middelburg et al., 2008) . Since announcements for the control group were widely disseminated via multiple channels, many parents should have had received our invitation: 94 of these responded and 51.06% of the eligible SC children joined.
In addition, investigations of PGD and ICSI children were carried out in the same setting by a single administrator who was mostly blinded to the mode of conception for the ART groups.
The ART group assessments took place in the hospital, however, whereas the majority of the SC group was assessed in kindergartens, which might be a source of bias.
The proximity of parents in the ART groups may have given the PGD/ ICSI children an advantage, e.g. feeling more secure. The hospital environment itself may, however, have been a disadvantage, causing extra stress. This was counterbalanced in turn by the fact that SC children were embedded in the daily routine of kindergarten activities; the assessment might have been seen as a special game or they may have felt interrupted in their play.
Given that multiples and non-Caucasians were excluded from the study and only a few children were born prematurely, our findings may not be generalized to all children born after PGD. We would therefore suggest that future studies should pay attention to premature PGD children, multiples and diverse cultural groups. As in previous follow-up studies, research should include the social -emotional development of children born after PGD and context-related variables, such as family characteristics and evaluations of their environment, to broaden the focus on development. This is especially important within a group of children whose parents may have a higher potential for traumatization due to genetic conditions in their families of origin.
To circumvent issues related to statistical power, mainly because of the limited sample size, we opted to calculate CIs around the measure of effect size. In most analyses, the upper limit of this CI indicated that, if the study were replicated, the effect sizes would still be small (WPSSI-III NL).
For motor measurements; however (M ABC), the CIs around effect sizes are rather large. Although we chose the M ABC for practical reasons (easy to administer within a reasonable time span and with minimal burden to pre-schoolers), as a standardized and widely used screening tool for motor impairment we acknowledge that this test has its limitations in terms of sensitivity and specificity (Cools et al., 2009) . Replication of motor measurements at a later age using a more reliable instrument seems to be warranted.
In conclusion, PGD singletons have similar cognitive capabilities compared with SC and ICSI singletons. With respect to motor performance, our data suggest that PGD singletons perform as well as controls. Longterm follow-up at an older age, with less intra-individual and age-related differences in motor development, will be mandatory in order to confirm our results. These results call for confirmatory investigations and longterm follow-up in multicentre cohort studies.
